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Overview

Automating the vertical motion of microscope’s stage
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Motivation

A common issue in microscopy is defocus,
especially when imaging thick samples
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Auto-focus procedure is a major requirement in automated
microscopy



Motivation

* Low-cost implementation of an auto

focus procedure
 Wireless transmission of camera data

 Remote control using modern

MICroprocessors



Project Outline

Mechanical System

. Z-axis motion system
.. Board prototype

. Pl camera basement

Software control

.. Arduino program
2 Serial communication

Remote control via web

.. Web interface
.. Image wireless transmission



Mechanical Design

1. Stepper Motor
2. Motion coupler

microscope
3. Motor Housing
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Mechanical Design

* Electronic Circuit e Camera basement




Software Part

Arduino program
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Software Part
On Raspberry Pi (Raspbian- Linux):
» Python scripts for serial communication with Arduino
* Image acquisition from Pi Camera
» Image processing algorithm to detect if an image is blur using

OpenCV library

~

A simple auto focus procedure




Remote Control

All the scripts written for serial communication with Arduino
are accessible via an HTML/PHP page:

Web interface to remotely control the microscope

Info:

Z command:

50 steps (45 deg)  ~

Click to find serial device:
Find serial device

Save Image on RPi's Disk ] [ Zip and download saved images ] [ Clear saved images

Auto Focus Mode

Start from Z=0: ©
Start from here: ©

This page is available to any device connected to the lab’s
network by running the Apache server on Raspberry Pi.



Remote Control

Live video streaming at 10 fps is available as a sequence of jpeg
Images using a software called mjpeg-streamer

Moreover the user can save selected frames and download them in
uncompressed format (bmp)

Info: '../stream/frame bmp' ->'12-01-16_03:00:29.bmp'

i
“ Emédare va avoidete:

1) Imageszip
mov eivar Compressed (zipped) Folder
amo: http://192.168.2.48

Tuva kavet o Firefox pe auTo To apyeio;

) Avorypo pe | Windows Explorer (mpoemtiioyn)

@ | AmoBrikeuon apyziou

[} Na yiveor cutopora omé e8w ko épa yia apyzio auTol Tou ziSoug.

Z command:

50 steps (45 deg) ~

Click to find serial device:

Find serial device

Images Storing:

L Save Image on RPi's Disk J [ Zip and download saved images J [ Clear saved images




Future Work

* More efficient implementations of this project
* More sophisticated and robust auto focus algorithms

« Full automation of the microscope

= 3-D microscopy

= Live microscopy




Summary

Remote control

Manual control
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Thank you!

Questions
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Why use arduino?

-----------

 In order to control Raspberry’s GPIO pins superuser privileges
are needed
 This is an important security flaw for the raspberry pi

system
* Moreover it is more useful to have a separate controller for the

hardware!



Image processing algorithm

* A method consisting in the variance of Laplace operator

« ADVANTAGE: Can inform us about the blurriness of an
Image with a single value

« DISADVANTAGE: Is performed on the whole image
(convolution with a Laplace kernel)

Source: Analysis of focus measure operators for shape-from-focus Said Pertuz e.a.



Auto focus technigues

Digital Autofocus Methods for Automated Microscopy By FEIMO
SHEN, LOUIS HODGSON, and KLAUS HAHN

A Comparison of Different Focus Functions for Use in Autofocus
Algorithms Frans C.A. Groen, lan T. Young, and Guido Ligthart
Comparison of Autofocus Methods for Automated Microscopy’
Lawrence Firestone, Kitty Cook, Kevin Culp, Neil Talsania, and
Kendall Preston, Jr

Blur Detection for Digital Images Using Wavelet Transform

Hanghang Tong



Transmission System Model

1 revolution—>180um vertical

Torque Required: 4.5x103 Nm
Calculations speed: 20 rpm

Calculated acceleration: 2,09 m/sec? | }
Assuming 1/3-1/3-1/3 accelerating profile.




Stepper Motor

Low speed | [See——r—y

l

Locked step mode

Deceleration between
each step

Motor not losing steps

Working range



